Intergenerational mobility is often studied using survey data. In such settings, selective unit or item non-response may bias estimates. Linking Dutch survey data to administrative income data allows us to examine whether selective responses bias the estimated relationship between parental income and children's mathematics and language test scores in grades 6 and 9. We find that the estimates of these relationships are biased downward due to parental unit non-response, while they are biased upwards due to item non-response. In the analyses of both unit and item non-response, the point estimates for language and mathematics test scores point in the same direction but only one of the two relationships is significant. These findings suggest that estimates of intergenerational mobility based on survey data need to be interpreted with caution because they may be biased by selective non-response. The direction of
Introduction
The relationship between parental income and children's schooling outcomes is often estimated using survey data (see, e.g., Blau 1999; Chevalier et al. 2013; Plug and Vijverberg 2005) . 1 A potentially important issue in the literature on intergenerational mobility is that survey response is potentially not random. Most notably, the probability of responding to a survey has been shown to be positively related to income and other indicators of socio-economic status (see the literature review below). An unresolved question is whether non-response biases the estimated intergenerational relationship between parental income and child schooling.
In this study, we examine whether survey-based estimates of the relationship between household income and children's performance in school are biased because of selective non-response. We focus on two sources of non-response: (1) individual unit non-response by parents unwilling to participate in a survey, and (2) item non-response by parents on questions regarding their income.
We combine parental survey data with administrative data from schools and income register data. Our analysis is based on an ongoing regional education survey conducted in the south of the Netherlands covering more than 95% of primary schools in the target region. Parental survey information is available for approximately 69% of children. We link the data relating to the children to the administrative income data of their parents, which are drawn from Statistics Netherlands. This source provides us with information on parental income for those who respond and do not respond to the survey. Our variable of interest-children's school performance on standardized mathematics and language tests in grade 6 and 9-is based on the schools' administrative records.
All our estimations are performed using administrative data only, from schools as well as the income register. We distinguish different types of non-response biases by using observed survey response behavior to artificially restrict the full sample to the data that would be available had the survey suffered from a certain type of nonresponse. 2 Observing non-responding households using administrative information enables us to directly assess whether response rates are selective and whether the relationship between parental income and child school performance is biased.
Our main findings are, firstly, that unit non-response at the household level attenuates the intergenerational relationship. Secondly, we find evidence that item non-response on the income question leads to an overestimation of the relationship between parental income and children's test scores. In the analyses of both unit and item non-response, the point estimates for language and mathematics test scores point in the same direction, but only one of the two relationships is significant. This study contributes to the literature on intergenerational mobility, specifically the empirical literature that analyzes how children's schooling outcomes relate to parental income. 3 Cross-sectional surveys find a consistently significant positive relationship between parental income and schooling outcomes (Blau 1999; Chevalier et al. 2013) . Also, when adoption is used as a natural experiment to exclude genetically transferred ability as a factor, the significant relationship with income persists (Plug and Vijverberg 2005) . This result remains robust when controlling for characteristics of biological parents and extending the focus to the economic outcomes of the children (Björklund et al. 2006) . Hence, parental income appears to be an important determinant of success in school and the labor market.
While findings on the direction of the relationship between parental income and children's outcomes are unambiguous, their magnitude is often contested. There are several potential empirical problems in studies based on survey data: e.g., non-representative samples, truncated samples, survey non-response, and item-based non-response. Many samples are non-representative by construction, but truncations could also be the result of a choice, such as excluding observations with low or no income. The latter likely leads to overestimations of intergenerational correlations (Couch and Lillard 1998) . Unit non-response is inevitable and ubiquitous in survey studies: virtually all selfreported measures of income are subject to item-based non-response. 4 The question, both with respect to unit and item non-response, is whether the non-response is selective and if so how this may bias the estimated intergenerational relationship.
Earlier research has shown that unit and item non-response are selective in the sense that they are related to income. According to the literature on social-desirability bias, income is a sensitive topic that many survey respondents do not want to speak about. Tourangeau and Yan (2007) show, for instance, that item non-response on income questions is higher than on questions related to sexuality. Bollinger and Hirsch (2013) report that item non-response is higher on income questions than on other questions in the Current Population Survey. Lillard et al. (1986) show that non-response across the earnings distribution is U-shaped, i.e., that respondents in the tails are least likely to report earnings. 5 These findings are confirmed by, among others, Bollinger et al. (2017) and Bee et al. (2016) , who compare survey responses with administrative data. 6 A valuable point to mention here is that administrative data do not necessarily provide true information on income, as they could, e.g., fail to account for undeclared income. 7 While there is ample evidence that unit and item non-response are related to income, the issue of whether selective non-response biases estimates of intergenerational mobility has, to our knowledge, not yet received attention in the literature. The contribution of our study is to identify and assess the magnitude of unit and item non-response bias in the context of the intergenerational relationship between parental income and children's schooling.
The remainder of the study is structured as follows. Section 2 provides a description of the data. Section 3 covers the empirical approach. Section 4 discusses the results. Section 5 highlights potential mechanisms and Sect. 6 concludes.
Data
We combine different sources of administrative records and survey data. The basis of our dataset is an ongoing regional education monitor for the south of the Netherlands: the OnderwijsMonitor Limburg (OML). The monitor has been conducted as a cooperative project between schools and Maastricht University since 2009. Almost all primary schools in the southern part of the Dutch province of Limburg participate in the project and provide records on their students on a yearly basis. 8 The data we use are gathered for one cohort of students at two points in time. The students were observed in 2009 in grade 6 (their last year of primary school, completed on average at age 12) and in their third year of secondary school in grade 9 (at about age 15). We give more information about the data below.
At both points in time, a parental survey was conducted and the results were linked to the school records. For grade 6, the parental survey was distributed via the school. In grade 9, the survey was distributed directly to the parents. For the grade 6 data, the overall response rate among the parents amounted to 69%. 9 Approximately onethird of all non-responding parents had children studying in schools in which none of the parents participated in the survey. This makes it highly likely that those schools either did not send out the survey to the parents or did not forward the completed questionnaires back to the university. In the following, these schools will be referred to as "non-responding schools" so as not to confuse them with schools not participating in the OML. Hence, in our analysis we distinguish non-response at the parental level (22%) and non-response at the institutional or school level (9%). Since non-response Footnote 7 continued data (see, e.g., the survey by Bound et al. 2001) . One of our analyses compares the correlation between the administrative measure of income and educational outcomes with the correlation between a self-reported measure of income and educational outcomes. The results show that the latter is attenuated relative to the former. This is in line with the analysis by Hariri and Lassen (2017) who show that high-income earners tend to overstate their income. Similar to our analysis, they also compare administrative measures of income with self-reported measures. The context of their study differs from ours, however, in the sense that they study the relationship between income and political attitude. 8 Additional information about the monitor can be found in the appendix. 9 This compares very well to the response rates or survival rates in the articles by Chevalier et al. (2013) and by Plug and Vijverberg (2005) , as can be seen from technical reports on the underlying surveys (EUROSTAT 2009; Hauser 2005) . The response rate of 58% reported by Björklund et al. (2006) is somewhat lower. The only higher response rate in any of the articles on the estimated relationship between parental income and child schooling cited above amounts to 87% in the National Longitudinal Survey of Youth (NLSY) used by Blau (1999) . at the institutional level is idiosyncratic to our survey design, we discuss the results on this type of non-response in the Appendix. We do provide the main descriptive statistics of this type of non-response in the main text, however.
In the grade 9 survey, the overall parental response rate of 43% is substantially lower than in the survey conducted in grade 6, even though the parental survey was distributed directly to the parents. 10 The surveys also differ in content. In grade 9, a question regarding household income was included in the parental survey, allowing us to additionally analyze the effect of item non-response on the income questions. Approximately 63% of the responding parents did not fill out the income question.
The process of data collection, as well as the approximate response and nonresponse rates for both samples, are depicted in Fig. 1 . Parental unit non-response can be observed in both samples. Institutional unit non-response can only be assessed in the grade 6 sample and item non-response only in the grade 9 sample.
We merge the data from this cohort to the administrative information from the household register of the municipalities and the income register from Statistics Netherlands performing the match based on surnames and addresses. The match can be completed for 82.5% of all students in the sample assessed in grade 6 and for 74.8% of the sample assessed in grade 9. 11 10 In this wave of the data, we observe that at least one parent from each school completed the survey. This supports our claim of institutional unit non-response based on observing a zero response rate at the school level. The overall low response rate can be explained by the fact that the initial invitation letter only included a link to an online survey. Only the reminder letter included a paper version. 52.8% of participants completed the paper survey. 11 As a comparison, Bee et al. (2016) manage to link between 76 and 79% of households to tax administration data in the US context. They identify non-filing of tax returns as a major reason for this incomplete link.
Schooling and income measures
Our measure of school performance in grade 6 is the result of a nation-wide skill assessment test, in the following referred to as the Cito test. 12 The mean age of the students when they take the test is 12.2 years. The result is the main determinant of teachers' recommendation for placing students in a certain secondary schooling track, which is often considered binding by secondary schools. 13 Therefore, the students have strong incentives to score well on this test.
Among grade 9 students, the OML administers its own tests on language and mathematics achievement, based on questions from larger standardized studies. 14 The results are used solely for research purposes. Hence, in contrast to the Cito test the stakes are low. There are three difficulty levels for the various tracks: one test for the two upper tracks, one for the two medium tracks, and one for the two lowest tracks. 15 Overlapping questions make it possible to use item response theory (IRT) to transform the raw scores into test scores on a common scale. We use a two-parameter logistic model for binary items, allowing items to vary in their difficulty and discrimination. The resulting latent trait scores are used in the analysis.
The administrative data from Statistics Netherlands on the financial situation of the households comprise measures for total and corrected income. The corrected income is based on total income adjusted for the number of household members. In our analysis, we rely on this corrected measure of household income. This measure comes closer to the income available per child, which for instance can be invested in tutoring. 16 For each of the income measures, we know to which quintile of the income distribution in the overall population of the Netherlands a household belongs.
Having data on schooling outcomes, as well as an objective measure of household income for an unusually large share of the population, and having a measure for survey participation, are unique features of our dataset. This setting enables us to observe and analyze the non-response bias in the intergenerational relationship of parental income and children's schooling outcomes. 12 Officially, the test is called "Cito Eindtoets." It comprises three parts: language, mathematics, and study skills. It is designed and also graded externally by the central institute for test development (Centraal Instituut voor Toetsontwikkeling, or Cito). 13 Tracks are important in the Dutch schooling system. After primary school, around age 13, children are assigned to different secondary school tracks. These tracks lead to specific qualifications for the labor market. Even if the teacher deviates from the recommendation suggested by the final assessment test result, some secondary schools only accept students with a score above a certain threshold (Borghans et al. 2015) . During the first three years after the transition to secondary school, a quarter of the children changes track at least once. Of these, 40% change to a higher track (Inspectie van het Onderwijs 2014). 14 The tests comprise questions used in the tests of the Programme for International Student Assessment (PISA) as well as the Dutch cohort study on educational careers for students aged [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ). 15 The two upper tracks are VWO, which qualifies students for university, and HAVO, which provides access to universities of applied sciences. The other two tracks represent the two levels within the pre-vocational education (VMBO) system. 16 In a robustness check, we compare the results based on the raw income data. These are qualitatively similar.
Baseline sample, grade 6 (age 12)
The OML covers 95% of schools in the Southern Limburg region. The baseline sample consists of all students attending those schools who took the final assessment test in grade 6 in 2009. 17 This group consists of 4512 observed students. As mentioned, 69% of their parents (3123) answered the parental questionnaire. For 1389 students no parental information is available. This latter group is split into a group of parents whose child is in a school where none of the parents responded (423) and a group of parents who did not respond, but whose child attended a school in which other parents responded (966). The former group we consider to be missing due to institutional unit non-response, and the latter to be missing due to individual unit non-response. Administrative data on income could be merged for 83.6% of the children with participating parents, and for 79.9% of the children with non-participating ones (76.3% in case of parental unit non-response and 88.2% in case of institutional non-response). Reasons for the imperfect match of administrative data to the OML data include missing or erroneous address data from school records. Table 1 provides descriptive statistics for all students in the OML and administrative data. Students of non-participating parents and at non-participating schools are slightly older, and among them a greater proportion are first-or second-generation immigrants. Both differences are significant at the 5% level. These descriptive statistics already suggest that distinct selection mechanisms may be at work at the institutional and individual level. With respect to socio-economic status, household income, and student outcomes, there is neither significant negative selection of parents into individual unit non-response, nor of schools into institutional non-response.
Distribution plots of Cito scores confirm the differential performance of student groups based on the response to the parental survey. Figure 2 reveals that students whose parents decide to participate in the survey indeed outperform students whose parents decide not to (significant at the 1% level). However, the graph also shows that students attending schools which did not send out the parental surveys perform slightly better on the Cito test than students whose parents responded (significant at the 10% level). Because the Cito test is the main determinant of track placement, these differences potentially also matter for long-run outcomes (College voor Toetsen en Examens 2015). Table 2 shows parental survey participation rates by quintiles of corrected income. The quintiles are based on the income distribution of the full Dutch population. While parental non-response is highest in the lower income quintiles, school non-response is most prevalent among families in the higher income quintiles. No income records were available for 29 of the 3931 households.
One caveat in our analysis is that selection may be induced in our sample by an imperfect match with public administrative data. The table reports the number of observations, the mean values and the standard deviations for the listed variables by response status on the parental survey in grade 6 at age 12, conditional on having school administrative information on the students and matched public administration information. The analysis is based on those students for which all variables are available; the most restrictive being the Cito test scores. The different sub-samples (1), (2), and (3) are mutually exclusive. Age is based on the students' month-exact age at the beginning of grade 6. Gender takes the value of 1 for male students and 0 otherwise. "Low ses" is an indication used and provided by the school administration. Schools receive extra funding if the proportion of students indicated as "low ses" exceeds a certain threshold. It is 1 if one or both of the parents did not complete secondary education (this indication is comparable to the "free lunch" indication in the US). A child is considered to have a migration background if at least one parent was not born in the Netherlands. Parental education level relies on a self-reported measure and is therefore only available if the parental survey was completed. It is coded in terms of the five levels defined in the International Standard Classification of Education (ISCED). Corrected income is reported on the household level in terms of quintiles relative to the entire Dutch population. It is based on the income register at 31 December 2008. The Cito test score reflects the overall score including sections on language, mathematics and study skills. The information provided on the language and mathematics sub-sections are reported in the percentage of questions answered correctly. Dots indicate that the data source of this variable is not available for the group in question. Significance levels are reported as follows: .1*, .05**, and .01***
Fig. 2
Students' Cito score distributions by survey response status, baseline sample grade 6 (age 12). This graph is restricted to all students for whom Cito test scores were available and data could be merged with administrative household information. The group with responding parents relates to column (1) from Table 1 , the groups with non-responding schools and from non-responding parents correspond to columns (2) and (3), respectively The table shows survey participation rates by quintile of corrected income for the three groups distinguished in Table 1 . It includes all observations for which data from school administration and Cito test scores are available and can be linked to administrative records of the parents available administrative data have higher Cito scores, their socio-economic status is higher, they are less often immigrants, and their parental education level is higher. 18 Comparing the differences regarding descriptive statistics by participation status, we observe similar patterns in the matched and unmatched sample, especially regarding students' age and performance: students with non-participating parents and at nonparticipating schools are slightly older, children at non-responding schools perform best, while children of non-responding parents perform worst.
Sample, grade 9 (age 15)
The OML also monitors students at grade 9. The cohort observed in grade 6 in 2009 was the first to also be observed in grade 9, the third year of secondary school. In grade 9, a parental survey was conducted and achievement tests in language and mathematics, this time with low stakes for students, were performed. We use this sample to repeat our analysis of parental non-response and explore the influence of item non-response on income questions. When we restrict ourselves to those participating in the achievement tests, the remaining sample we were able to identify based on names and addresses consists of 2963 observed students. Since the parental surveys are sent out directly, the response rate (43.2%) in this sample solely reflects parental participation and is not influenced by school participation. The survey allows us to examine item non-response on questions regarding household income. Among the survey respondents, 37% answered the income question. Table 3 provides descriptive statistics for the students in this sample, in analogy to Table 1 . Columns (1) and (3) include children of parents who returned the survey, distinguished by whether they provided information on household income (N 474) or not (N 807) . Column (2) shows the descriptive statistics for all children in grade 9 who participated in the achievement test but whose parents do not return the survey (N 1682).
Children of parents who do not respond to the survey are slightly older and substantially more likely to be first or second-generation immigrants. With respect to parental socio-economic status and income, as well as all measures of students' school performance, the group of parents who do not respond has unfavorable characteristics. Within the group of respondents, parents who answer the income question have on average more favorable characteristics. Their children also perform better on all tests considered.
Distribution plots for the language and mathematics tests (see Figs. 5, 6) show that children of responding parents clearly outperform children of non-responding parents (significant at 1%). The distributions are similar for children with responding parents who do or do not answer the income question. Table 4 reveals that the survey non-response rate is higher at lower income quintiles. In turn, the item non-response rate is lowest among parents in the lowest income group. No income measure is available in the income registry for 18 of the 2963 households. The table reports the number of observations, the mean values and the standard deviations for the listed variables by response status on the parental survey at age 15, conditional on taking either a mathematics or language test. The different sub-samples (1), (2), and (3) are mutually exclusive. Age refers to the students' month-exact age at the beginning of grade 9. The variables gender, low ses, migration background, parental education, income and Cito test were assessed in grade 6 and are the same as in Table 1 . Gender takes the value of 1 for male students and 0 otherwise. "Low ses" is an indication used and provided by the school administration. Schools receive extra funding in case the proportion of students indicated as "low ses" exceeds a certain threshold. It is 1 if one or both of the parents did not complete secondary education (this indication is comparable to the "free lunch" indication in the US). A child is considered to have a migration background if at least one parent was not born in the Netherlands. Parental education level relies on a self-reported measure and is therefore only available if the parental survey was completed. It is coded in terms of the five levels defined in the International Standard Classification of Education (ISCED). Corrected income is reported on the household level in terms of quintiles relative to the entire Dutch population.
It is based on the income register at 31 December 2008. The Cito test score reflects the overall score including sections on language, mathematics and study skills. The variables language test and mathematics test refer to scores on tests conducted specifically for the OML. The reported scores are standardized to a mean of zero and a standard deviation of one. Significance levels are reported as follows: .1*, .05**, and .01*** The table shows survey and item response rates by quintile of corrected income for the three groups distinguished in Table 3 . It includes observations for which data from school administration and test scores are available and which can be linked to administrative records of the parents
Empirical approach
Our empirical approach is to analyze regressions with children's schooling outcomes as dependent variables and parental income as the independent variable. This relationship between parental income and children's educational outcomes is a correlation and we do not attempt to estimate the causal relationship. There are many factors which may potentially explain the relationship, e.g., parental IQ may be related both to parental income and children's educational outcomes. In our analysis, we examine whether the correlation between parental income and children's educational outcomes is biased due to selective survey participation. Based on administrative data only (for test scores, household income, and control variables), we explore the relationship between parental income and students' academic performance as a measure of intergenerational mobility. We use parental surveys solely to construct hypothetical sub-samples, which suffer from different types of non-response. We run the same regressions based on responding and non-responding sub-groups. Comparing the coefficients for parental income between these regressions provides insight into whether a certain type of non-response biases the estimated relationship between income and schooling outcomes.
In the literature, the most commonly used measure of intergenerational mobility is the elasticity in a regression of the log of child income on the log of parental income. Authors typically do not add controls to this regression (see, e.g., Jäntti and Jenkins 2015; Corak 2013; Nybom and Stuhler 2015) . They instead estimate the intergenerational mobility separately for boys and girls and measure lifetime income at specific ages of the parent and child. Our approach differs in some regards from the standard approach. First, we look at children's educational outcomes rather than their income. Second, we control for various characteristics of the child (age, gender, indicators of low socio-economic status, and whether the child is a first or second-generation immigrant) instead of running the estimates separately for various characteristics. 19 In the Appendix, we also show the main tables of the paper without controls (Tables 13, 14) . The results are qualitatively robust to this exclusion. In a quantitative sense, all coefficients become somewhat larger in the analyses without controls than in the analyses with controls.
Results
In this section, we analyze unit non-response bias and income item non-response. Furthermore, we report robustness checks.
Parental unit non-response in grade 6
In the sample assessed in grade 6 (age 12), we analyze individual unit non-response by parents. As mentioned, the results on institutional unit non-response by schools are displayed in the main tables but discussed in the Appendix.
The box plots in Fig. 3 provide a first insight into the test score distributions by income group. They allow a comparison of the median, the 25th and 75th percentile, as well as the span of Cito scores, between the different subgroups by response status. Differences between the groups can be observed for all income quintiles. Across all income quintiles, the median student whose parents do not respond performs worse than the median student whose parents respond. The same holds at the 75th percentile and, in the three lowest income quintiles, also for the 25th percentile of the distributions. A Kolmogorov-Smirnov test on the underlying distributions shows that this difference is significant for the third and fourth income quintile. Figure 3 confirms the finding shown in Table 1 that children of non-responding parents perform significantly worse than those of responding parents. However, these differences could be explained by differences with respect to background characteristics or income levels. In the following, we therefore explore whether the gap in schooling outcomes between children of responding and non-responding parents remains after controlling for demographics, and income. As a basic set of controls, we use students' gender and age as well as an indicator for low socio-economic status. 20 Table 5 shows the results of the main regression specifications, displaying only the income coefficients. We run the same regression of students' performance on the parental income quintile and control (1) for the full sample and (2) for a number of artificially restricted samples. In a first step, the full sample is split into students Fig. 3 Box plots of students' Cito scores by survey response and income, baseline sample grade 6 (age 12). Box plots for Cito test results, displayed by survey response status and income quintile. The boxes are drawn around the median, indicated by the line in the box, and show the interquartile range from the 25th percentile to the 75th percentile. The whiskers show the span of the data points. Their maximum length is 1.5 times the interquartile range. Data points outside this span are usually displayed separately. In accordance with the policy on non-disclosure of individual data by Statistics Netherlands, the figure does not include those outside values (here: 24 observations). The graph is based on 2602 students whose parents participated in the survey, 726 students whose parents did not respond, and 371 students whose schools did not respond attending a non-responding school (NRS) or a responding school (RS). In a second step, the sub-sample attending responding schools is split into parental response status. This allows us to compare children of non-responding parents (NRP) to those of responding parents (RP).
In this setup, comparing the NRP and RP samples shows the bias induced by individual unit non-response. 21 We repeat this analysis for three different schooling outcomes: (1) the total Cito score, (2) the fraction of correct tasks in sub-sections for language, and (3) the fraction of correct tasks in sub-sections for mathematics. All of these measures are standardized to a mean of zero and a standard deviation of one. Thus, the resulting coefficients can be interpreted as a change in standard deviations, associated with an increase of one quintile in income. P-values for the differences in the estimated income coefficients, between non-responding and responding parents, are provided in the second panel of Table 5 .
All coefficients of the relationship between parental income quintile and students' schooling outcomes are significant at the 1% level. 22 Regarding all three performance measures, the coefficients for the sample with children of responding parents exceeds 21 The comparison between the coefficients of the NRS and RS samples provides a measure of whether and how institutional unit non-response biases the estimate (see appendix for a discussion of the estimates). 22 All control variables, gender, age, and "low ses" (Socio-Economic Status) are significant. The coefficient for low socio-economic background has a negative sign. Higher age is associated with a lower Cito score, most likely because we are not able to control for grade retention. In addition, male students perform slightly better. that for the sample with children of non-responding parents in magnitude. However, none of these differences are significant. A similar empirical approach, based on the full sample and the use of interaction terms between different types of non-response and the income quintile, confirms these results (see Table 8 ). The only significant differences between coefficients of intergenerational mobility in this sample are found when analyzing institutional non-response (see Appendix).
Parental unit non-response and item non-response in grade 9
We apply the same empirical strategy to the sample assessed in grade 9 (average age 15). In this wave, the parental survey was sent out directly to parents, providing a direct measure of parental survey response. This parental survey included a question regarding household income, allowing us to further assess a potential bias due to specific item non-response.
In the following, we distinguish three groups: (1) children of parents who responded to the survey and provided a measure of household income, (2) children of survey responders who did not provide an income measure, and (3) children of survey nonresponders. Box plots for students' language test by survey response and income, sample grade 9 (age 15). Box plots for language test results in grade 9, displayed by survey response status and income quintile. The boxes are drawn around the median, indicated by the line in the box, and show the interquartile range, from the 25th percentile to the 75th percentile. The whiskers show the span of the data points. Their maximum length is 1.5 times the interquartile range. Data points outside this span are usually displayed separately. In accordance with the policy on non-disclosure of individual data by Statistics Netherlands, the figure does not include those outside values (here: 34 observations). The graph is based on 356 students whose parents participated in the survey, including the income question, 613 students whose parents responded to the survey without reporting household income and 1247 students whose parents did not return the survey
The box plots presented in Fig. 4 show how achievement in the language test is distributed within the different income quintiles, separately by parental response status. In general, the graph reveals that the differences by participation status based on this test seem to be smaller than the differences based on the Cito test in grade 6 (compare to Fig. 3) . A tendency towards positive selection into survey response is observed. However, among children of survey responders, particularly children of lowincome parents who do not respond to the income question, outperform the children of those who do respond, at most points in the distribution. The analog box plots for achievement in the mathematics test in grade 9 are provided in the Appendix, in Fig. 7. Figs. 5, 6 additionally show the corresponding distribution plots by response status.
Applying the same approach used in the baseline sample, we examine whether unit and item non-response bias the estimated relationship between parental income and children's schooling. Table 6 displays the income coefficients of the main regression specification for the full sample as well as artificially restricted sub-samples.
First, children are split according to whether their parents did (SR) or did not respond to the survey (SNR). Then, children of survey respondents are distinguished by whether the parents did (IR) or did not fill in the included income question (INR). Comparing the coefficients of the SNR and SR samples provides a measure for unit non-response bias. A comparison between the INR and IR samples provides insight into whether item non-response induces a bias. This analysis is conducted for the language (1) as well as the mathematics achievement test (2), administered in grade 9 As can be seen in Table 6 , the analysis based on the language test confirms the results from the baseline sample for language scores: no significant evidence is found that unit non-response is a source of bias in the estimated relationship between parental income and students' language outcomes. For mathematics, we do find significant differences. The estimate reveals that the relationship is attenuated due to parental nonresponse. Regarding item non-response on income questions, we find that the estimated relationship is biased upwards for language test scores. However, the difference is not significant for mathematics test scores. 24 23 The difficulty level of the tests differs across schooling tracks, but with an overlap in questions. To place students on one scale across schooling tracks we run a two-parameter item response theory model. 24 We further discuss this in Sect. 5.2. An alternative approach, using interaction terms in a regression (see Table 9 ), confirms the overestimation driven by item non-response. Applied to the difference between the Surprisingly, the estimated coefficient for parental income in the sample of item nonresponding parents is very small and insignificant. This observation may be explained by the contrast between the two tests. The stakes of the Cito test, used in the baseline sample, are high as they partly determine secondary school track placement. By contrast, the tests in grade 9 have no relevance for the students in terms of grades or placement.
The availability of a self-reported and an administrative measure of parental income also allows us to assess reporting bias in an intergenerational mobility setting: using survey-reported income to measure intergenerational mobility (IGM), and then comparing the (potentially) "biased" survey estimates with the "true" estimates using administrative measures of income. The results indicate that the relationship between parental income and children's educational outcomes is biased when using selfreported measures of income. In our dataset, the relationship between self-reported income and educational outcomes is not significant. Relative to the relationship between administrative measures of income and educational outcomes, we can conclude that the results using self-reported income are attenuated both for language (p value .030) and for mathematics (p value .051).
Robustness checks
All of the above regression results rely on a corrected measure of household income, based on the total household income adjusted for number of household members. As a robustness check, we conduct all analyses also with the measure of total income. The results remain qualitatively similar but are somewhat weaker in magnitude and significance. Since adjustment by number of household members is highly relevant for the actual standard of living, this is not surprising. In support of this, for the subsample of parents with a known education level, we also find that the quintile of a household's corrected income correlates more strongly with highest education level than with total income.
The error terms of the test scores are unlikely to be independent across students in the same environment. Attending the same school and having the same teacher could systematically influence student achievement. Therefore, we account for common factors of influence in the results shown above. To ensure that our results are not driven by clustering, we repeat all analyses with non-clustered standard errors. We do not find any major difference to the results discussed above.
Significant differences in the fraction of immigrants in groups by response status raise the question whether these could drive the reported results. In the Appendix, we show estimates excluding immigrants (Tables 15, 16 ). The coefficients are somewhat larger compared to the results based on the full sample including immigrants. However, in a qualitative sense, the results on the differences between the sub-groups by response status remain unchanged. Therefore, immigrants do not drive the conclusions we draw.
Footnote 24 continued lowest and the highest income quintile, the induced bias amounts to more than half a standard deviation in the language achievement test. It almost completely offsets the estimated positive association between parental income and performance regarding the language test.
Potential mechanisms
Our results indicate that individual unit and item non-response by parents may bias estimates in opposite directions. In the following, we discuss potential mechanisms behind the underlying selection into unit and item non-response in our samples.
Selection into individual unit non-response
The magnitude of the intergeneration mobility coefficient in the group of responding parents is, across both age groups and for all outcome measures, consistently lower than in the group of non-responding parents. Thus, individual unit non-response could potentially lead to an overestimation of intergenerational mobility.
To get a better insight into the sorting of parents in terms of survey participation, we regress parental survey response on individual student characteristics. The results are presented in the Appendix in Table 11 . In both surveys, grade 6 and 9, being a first or second-generation immigrant is associated with a lower probability of parental survey participation. Also, children's academic performance is related to a higher probability of parental response. In primary school, Cito scores significantly predict parental response. In secondary school, the more recent performance measures are more important. Attending a secondary school track other than the lowest one is associated with a lower response rate among parents. However, this is conditional on all the other variables, and the coefficient on having low-educated parents ("low ses") is negative and exceeds any of the coefficients on track. Again in the secondary school sample, parents in households not belonging to the lowest or the middle income quintile are more likely to respond to the survey. Effects regarding school location are no longer significant once a variable on the use of dialect is added. In both samples, speaking the local dialect well is associated with a higher probability of parental survey response.
All in all, in both surveys the parents of well-performing students who are not immigrants and who speak the local dialect well are more likely to answer. In the secondary school sample, socio-economic background and track placement play an important role as well.
Selection into income item non-response
Among parents who return the survey but do not answer questions on household income, the relationship between parental income and children's language performance is weaker than among parents who do respond to the question. The selection into item non-response could shed some light on the potential mechanisms behind this bias.
While there is a positive selection into unit response with respect to parental education, parental income, and students' test scores, this is different for item non-response. As can be concluded from the boxplot in Fig. 4 (as well as Fig. 7 ), children of low income item non-responders, in particular, outperform those of item responders.
An explanation that fits in with this pattern is that parents with low income but otherwise favorable characteristics 25 may feel that they do not live up to expectations and are therefore reluctant to report their income. This is consistent with non-responders having atypical characteristics for the area they live in, as has been shown for the US census (Bee et al. 2016) . Such a systematic item non-response pattern is particularly harmful for estimates of intergenerational mobility. Since the non-responders are atypical for the area they live in, imputation of missing data based on postal code area, as applied by Sabelhaus et al. (2015) , is risky.
An additional difference can be observed in the mode of responding to the survey. The majority of item responders (88.9%) filled out the online survey to which a link was provided in the initial invitation letter, while only 22.5% of item non-responders did so. Most of them (77.5%) instead filled out the paper survey which was only provided in the reminder letter. This points towards a potential link between the mode of the survey, the willingness to respond to certain items, and potentially further characteristics.
A regression of parental item response on individual student and parent characteristics can be found in the Appendix in Table 12 . Student performance measures only positively significantly predict parental item response if track and school location are not included. Parental item response is dominantly associated with belonging to the highest income quintile 26 and answering the survey upon the first request online.
Conclusion
This paper assesses the potential bias in estimates of intergenerational mobility, specified as the relationship between parental income and students' school performance, combining administrative and survey data. We identify different sources of non-response-parental unit and item non-response-and show that they have to be considered separately because their effects on the estimates of intergenerational mobility are distinct.
Our main results indicate, firstly, that unit non-response at the household level attenuates the intergenerational relationship. Secondly, we find evidence that item non-response on the income question leads to an overestimation of the relationship between parental income and children's test scores. In the analyses of both unit and item non-response, the point estimates for language and mathematics test scores point in the same direction but only one of the two relationships is significant.
These results are important both for the literature on intergenerational mobility but also for that in other contexts. Non-response is ubiquitous and substantial in all estimations based on survey data, e.g., among the articles we cite in our paper, nonresponse rates in other published studies on intergenerational mobility are found of up to 42%. Our results suggest that estimates of intergenerational mobility based on survey data need to be interpreted with caution because they may be biased by selective non-response. The direction of such bias is difficult to predict a priori. Bias due to unit and item non-response may work in opposing directions and may differ across outcomes.
Matching survey and administrative data enables us to directly assess the effects of non-response. A remaining downside of our data set is the imperfect match of survey and performance data to administrative data. Even though, at above 80% in the baseline sample, this match is relatively high, it is not perfect. The remaining selection may drive our results to some extent.
To our knowledge, this is the first study on bias induced by selective unit and item non-response in the important relationship between parental income and children's school performance, as an early measure of intergenerational mobility. Obviously, the results could be driven by the specific setting of our study and as mentioned above, our results may partly be driven by incomplete matching to administrative data. Therefore, this study needs to be replicated in different contexts. This is feasible in countries where large administrative datasets are already available, for example in Scandinavia. The same approach can of course be used to assess the bias induced by non-response in any relationship of interest estimated based on survey data.
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Appendix 1 Onderwijsmonitor Limburg
The OnderwijsMonitor Limburg (OML) is a collaboration between Maastricht University, educational institutions (primary, secondary and tertiary) and government bodies in the Province of Limburg (in the south of the Netherlands).
The OML aims to gain insights into the educational development of pupils/students in order to foster the further improvement of education and the transition from education to the labor market in the Province of Limburg, and to acquire knowledge about the dynamics of educational processes in general.
More than 95% of all primary schools in the south of Limburg participate in this education monitor. The project is approved by the local school boards of Limburg. Test scores are processed by the MEMIC Maastricht (center for data and information management) in anonymized form.
The key elements of the OML are: • structural accumulation of relevant data throughout the educational career of pupils/students in Limburg (longitudinal) • effective dialogue and collaboration between the OML partners • high-quality research (both academic and applied) and dissemination of insights into the domains of academia, policy and educational practice.
The OML collects data regarding:
• cognitive pupil/student outcomes (school career and test results)
• non-cognitive pupil/student characteristics (primarily socio-emotional and socioeconomic) • parent and household characteristics • teacher characteristics • school characteristics.
The starting point of the OML is information which is already collected within the schools. Additional testing and surveying is done where needed (in close collaboration with the schools).
Earlier academic publications using data from the OML are:
Borghans, L., Golsteyn, B., Zölitz, U. (2015). School quality and the development of cognitive skills between age four and six. PLOS ONE 10(7), e0129700. Feron, E., Schils, T., ter Weel, B. (2016) 
Appendix 2 Institutional selective non-response
In this appendix, we discuss the results with respect to selective institutional nonresponse. Figure 3 shows that students attending non-responding schools mostly outperform students with responding parents at the lower end of the test score distribution. However, in the lowest income quintile, the variance is larger for students in non-responding schools. In the highest income quintile, students at non-responding schools outperform both other groups across the full distribution. Table 5 reveals that the largest coefficients, i.e., the lowest intergenerational mobility, can be observed for the sample of non-responding schools. A quantitative comparison of the coefficients across the samples shows that only the difference induced by institutional unit non-response is significant. From separate regressions for performance in language and mathematics, it becomes apparent that the bias is more strongly driven by differences in the language sub-section of the Cito test. Table 8 confirms these findings. The interaction term between income quintile and school non-response for total Cito scores or the language sub-section is significant at the 5 and in some cases the 1% level. Again, this is different for mathematics scores. The magnitude of this interaction effect amounts to more than half of the income quintile coefficient. When applying this to the difference between the lowest and the highest income quintile, the gap in the estimates for children of responding parents and non-responding schools amounts to about a third of the standard deviation in Cito test scores. Using probability weights to account for differential participation based on the parental income group cannot correct this bias.
In sum, regarding institutional unit non-response by schools, we find evidence for a significant overestimation of intergenerational mobility.
What are the potential underlying mechanisms? The fourteen schools which did not send out the parental surveys show a stronger relationship between parental income and children's schooling outcomes than responding schools. This could either be explained by differences in characteristics, by anticipation of parental response behavior, or because the schools may use non-response as a strategy to avoid unfavorable results. These explanations are discussed in the following.
All of the non-responding schools except for one are Roman Catholic, as are the majority of primary schools in the sample. Table 1 shows that significantly fewer students from a low socio-economic background attend non-responding schools, while more first-or second-generation immigrants attend such schools. This combination of characteristics would be consistent with a large fraction of children of academically trained expats in the student population. 27 Furthermore, while the students at nonresponding schools on average score higher on the Cito test, they also have a higher standard deviation. The same holds for parental income. With the favorable selection of student population and high average performance, non-responding schools are unlikely to attract the attention of the Inspectorate of Education. However, they seem to be of low quality in terms of addressing intergenerational mobility.
Should the schools be aware of this, a potential explanation for their non-response could be that they do not want to disclose this weakness. Similarly, the extent of participation in the research project could be positively related to how much schools care about equality of opportunity. This comparison of responding and non-responding schools is purely descriptive and unconditional. A regression of school participation on aggregated characteristics (see Appendix, Table 10 ) does not show any significant relationship with the above-mentioned characteristics. However, schools in two of the regions are significantly more likely to participate.
School non-response could also be driven by anticipated parental non-response. That is, schools may not respond because they assume that parents would not be willing to participate in the surveys. Since the survey in grade 9 is sent out directly to the same parent population, we can check whether there is a basis for this assumption. The differences in parental response behavior that we find are very small. Parents whose children attended a non-responding primary school seem to be even more willing to participate in surveys and to provide complete information. So if schools do not respond because they thought parents in the school would not want to, their assumption is incorrect.
The following patterns with respect to school response can be observed: especially schools with high average test scores, but also high intergenerational dependence, do not send out surveys to parents. These schools have on average a lower proportion of students from low socio-economic backgrounds but a greater proportion of first-or second-generation immigrants.
Our results indicate that it is very important when it comes to interpreting findings about intergenerational mobility to critically assess how the data were collected. The minimum effort in survey studies should be to report openly about the level of nonresponse, as for example done by Björklund et al. (2006) . If information is available about non-responders compared to responders, this can help to specify for which group the results hold. This is specifically important for policy effects, differentiated by sub-group.
The results also provide helpful insights into how to prevent biases already by designing the data collection. In the educational context, involving non-scientific institutions, such as schools, can increase acceptance in the targeted population. However, this also introduces an additional source of potential non-response bias. Our results show that institutional unit non-response poses an even greater threat to a study's external validity than individual unit non-response.
Appendix 3

Additional tables and graphs
See Tables 7, 8 , 9, 10, 11, 12, 13, 14, 15, and 16 and Figs. 5, 6 and 7.
Table 7
Descriptive statistics for students without administrative data, baseline sample grade 6 (age 12)
Variable Survey participation status
(1) vs. (2) (1) vs. (3) (2) vs . (3) ( 1 The table reports the number of observations, the mean values and the standard deviations for the listed variables by response status on the parental survey in grade 6 at age 12 for all students for whom data could not be merged to administrative data from the income registry. The different sub-samples (1), (2), and (3) are mutually exclusive. Age is based on the students' month-exact age at the beginning of grade 6, their final year in primary education. Gender takes on the value 1 for male students. "Low ses" is an indication used and provided by the school administration. Schools receive extra funding in case the proportion of students indicated as "low ses" exceeds a certain threshold.
It is 1 if one or both of the parents did not complete secondary education (this indication is comparable to the "free lunch" indication in the US). A child is considered to have a migration background if at least one parent was not born in the Netherlands. Parental education level relies on a self-reported measure and is therefore only available if the parental survey was completed. It is coded in terms of the five levels defined in the International Standard Classification of Education (ISCED). Corrected income is reported on the household level in terms of quintiles relative to the entire Dutch population. It is based on the income register at 31 December 2008. The Cito test score reflects the overall score including sections on language, mathematics and study skills. The information provided on the language and mathematics sub-sections are reported in percent of questions answered correctly. Dots indicate that we do not have information on the variable for that particular group. A dash indicates that the variable was available for less than 10 students. In consequence, data protection guidelines of Statistics Netherlands prohibit the publication. Significance levels are reported as follows: .1*, .05**, and .01*** The table reports coefficients of Probit regressions. The dependent variable is school survey response. The independent variables include: the fraction of male students, the fraction of students with at least one parent who did not complete secondary education; the fraction of students who are first-or second-generation immigrants; the fraction of students, belonging to households of the indicated income quintile, based on corrected income; the average, the standard deviation of the Cito score and the correlation between income quintile and Cito test scores within each school; and indicators for school location (the baseline being north Limburg). Standard errors are reported in parentheses. Significance levels are reported as follows: .1*, .05**, and .01***
Table 11
Regression of parental survey response on individual characteristics Parental survey response Baseline survey, grade 6 (age 12)
Sub-sample, grade 9 (age 15) The table reports coefficients of Probit regressions. The dependent variable is parental survey response. The independent variables included for both samples are: a variable indicating male students, an indicator for students with at least one parent who did not complete secondary education; an indicator for students being first or second-generation immigrants; indicators for the quintile of corrected income the households belongs to; the student's Cito test score; indicators for school location (with the baseline being north Limburg); and an indicator for speaking the local dialect well. Additionally, for the sample of secondary school students, a combined performance measure of the language and mathematics tests in grade 9, as well as indicators for the attended track (the baseline being the two lower pre-vocational tracks, VMBO b/k), are included. Standard errors are reported in parentheses. Significance levels are reported as follows: .1*, .05**, and .01*** The table reports coefficients of Probit regressions. The dependent variable is parental item response. The independent variables included are: a variable indicating male students, an indicator for students with at least one parent who did not complete secondary education; an indicator for students being first or second-generation immigrants; indicators for the quintile of corrected income the households belongs to; the student's Cito test score; z-standardized performance measures of the language and mathematics tests in grade 9; indicators for the attended track (the baseline being the two lower pre-vocational tracks, VMBO b/k); indicators for school location (with the baseline being north Limburg); and an indicator for speaking the local dialect well. Standard errors are reported in parentheses. Significance levels are reported as follows: .1*, .05**, and .01*** This table is similar to Table 6 . Here, the estimations are performed without controls. Significance levels are reported as follows: .1*, .05**, and .01*** This table is similar to Table 6 . The estimations are performed on a sample excluding immigrants. Significance levels are reported as follows: .1*, .05**, and .01***
Fig. 5
Students' language test distributions by survey response status, sample grade 9 (age 15). This graph shows the distribution of students' language achievement test, standardized to a mean of zero and a standard deviation of one. It is based on all grade 9 students for whom data could be merged with administrative household information and who took the language achievement test. The group with responding parents who answered the income question relates to column (1) from Table 3 , the group with non-responding parents correspond to column (2), and responding parents who do not answer the income question, the item non-response group, relate to column (3) Fig. 6 Students' mathematics test distributions by survey response status, sample grade 9 (age 15). This graph shows the distribution of students' mathematics achievement test, standardized to a mean of zero and a standard deviation of one. It is based on all grade 9 students for whom data could be merged with administrative household information and who took the language achievement test. The group with responding parents who answered the income question relates to column (1) from Table 3 , the group with responding parents who do not answer the income question, non-responding parents correspond to column (2), and the item non-response group, relates to column (2) Fig. 7 Box plots for students' mathematics test by survey response and income, sample grade 9 (age 15). Box plots for mathematics test results in grade 9, displayed by survey response status and income quintile. The boxes are drawn around the median, indicated by the line in the box, and show the interquartile range, from the 25th percentile to the 75th percentile. The whiskers show the span of the data points. Their maximum length is 1.5 times the interquartile range. Data points outside this span are usually displayed separately.
In accordance with the policy on non-disclosure of individual data by Statistics Netherlands, the figure does not include those outside values (here: 20 observations). The graph is based on 425 students whose parents participated in the survey, including the income question, 717 students whose parents responded to the survey without reporting household income and 1527 students whose parents did not return the survey
